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USE OF BOULDER POCKET HABITAT BY RAINBOW TROUT 
ONCORHYNCHUS MYAISS) IN FALL RIVER, IDAITO 
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Abstract 


Abundance of rainbow trout) Oncorhynchus mykiss) in relation to characteristics of pockets created by 


bonlde rs was studied in Fall River, southeastern Idaho. To determine depth and surface area of pockets most selected hy 
runbow tront fish were counted by snorkeling, and pocket physical dimensions were mei sured, An electivity index de fined 


habitat selection in the Following terms: the most suitable habitat was 20.7 m maximum depth, 20.5 m minimum depth, 


anid 


nailized 


>3.an- surface area. Some studs reaches of Fall River had more suitable pockets available for trout than were being 
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Boulders create a major source of tront habi- 
tat i many higher-gradient western rivers. They 
create pools or hae ets with increased de pth 
and provide surface turbulence that may be the 
only cover available to trout. Water depth and 
boulder cover were important in determining 
density of trout in a Colorado stream (Stewart 
1970. Boulder placement is a commonly used 
te clinique in stream rehabilitation ( Rosgen and 
Fittante 1986) and may provide effe caedone 
ble tront habitat | Lere 19$2). 


This study evaluate dage-1} and older wild 


rainbow trout Oncorhyne a inykiss ) nse of 


bolder pocket habitat in Fall River, Idaho. Ob- 


jectives were to determine the proportion of 


trout using boulde YT poc ket habits at. and to assess 


the extent to which fish selected pockets of 


specific surface area and depth. 
NIE TILODS 


The Fall River originates in the southwest 
portion of Yellowstone National Park. Lt flows 
cast nto Parghee National Forest. Idaho. and 
then inane is agnicnituiral lands to join Henrys 


li rl () Shake Raver Approximate Ivy 10k 
sonth oft ae tow in Fremont County. The study 
area atearele vation of abort 17 $0. extends 7 


han. bralt is wit] 


Forest a by abd dtgady 


ithe Targhee National 
tely below. The stream 
Chamet has b CU by coarse-grained gla- 


| ' ay ee | 


cial ontwash through which it flows. Basalt and 
ash How tuff bedrock define the channel fonn. 
Simnosity is lov, approaching 1.0, and there are 
no meander pools. Overall gradient in the study 
reach is 0.64%. 

Within-channel habitat was homogeneous 
and consisted predominantly of run eave as 
defined by Hehn (1985). Little woody debris 
had been retained in the channel. At the 14-16 
m/sec low flows of late summer 1991, the 
stream margin had pulled away from any vertical 
hanks fomued by high flows. leaving no bank 
habitat to provide cover for larger trout. The 
study reach contained Paiute scion (Cottus 
Ly Idingi), longnose dace (Rhinichthys catarac- 
tue), nde (ean Uinh snickers (Catostomus 
ardens) and inomntain whitefish (Prosopitan 
williamsoni) in addition to the wild rainbow and 
occasional cutthroat. (Oncorhyuchus clarki) 
trout. 

In August of 1990 and 1991 snorkel surveys 
were conducted to estimate trout density 
throughout the study area. These indicated that 
density of trout larger than age-0 averaged 0.35 
fish/100 m2. or “upproximate Jy 136 ian cere 
fith unpublished data). Three sites, repre- 
senting a range of boulder pocket densities, 
were selected for the present study. Sites were 
160-170 m long and averaged 26—16 in wide. A 
bonlder was dle fined as 20.4 m diameter, situ- 
ated so that its top was at or above the water 
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TABLE 1. Characteristics of boulder pockets sed by SS rainbow trout in three study sections of Fall River. Idaho. summer 


1991. 
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surface to create a pocke tof lowervelocity water 
immediately downstream. The low boulder 
de nsity site (LBD) had 38 boulders that fit the Se 


criteria and averaged 0.5 boulders/100 ne? of 


stream surface. T le intermediate boulder den- 
sity site (IBD) had 60 boulders (average 1.0 


boulders/]00 1m *) and the high boulder enc 


(IIBD) site contained S4 Revie rs (2.1 bonl- 
ders/100 11°), 

During the last two weeks of August 199]. 
boulder locations in each site were mapped and 
trout focal point positions recorded by a snor- 
keler moving slowly upstream. Fish larger than 
about 15 cm were included, with most 15—25 cn 
anda few as large as 30 em. No effort was made 
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to differentiate fish by size ie a Under- 
water visibility was approximately fom. and 
water tempe rature ranged from 14 a 9 © 
from 1000 to 1500 MIDT when observations 
were made. 

After snorkeling. we recorded dimensions of 
all pockets in the section. We demarcate od the 
lateral margins ofa pocket by the abrupt change 
nwaterve Jocity that occurred there. Initially we 
nsed a velocity meter | Narsh-McBimey mode! 
201) ona range of pockets in cach site and then 
completed demarcation by eve. Water velocity. 
which ranged from 0.5 to J.2 m/sec along the 
thahweg outside boulder pockets in all sites, was 
generally 0.3-0.5 in/sec within the pockets. 
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Fig 1} Minima depth mand maximun depth in) of boulder pockets used by rainbow trout in Falls River, Idaho. 


Electivities are indicated: + 4 (20.5, strong selection), 


O5but- 0.025. moderate avoidance), 


To evaluate the selection by tront of the 
pocket parameters, an electivity index (ID) was 
calculated: 


) = r—p 


hex |) — Zt 


where ris the proportion of the resource used 
by rainbow trout and p is the proportion avail- 


able in the environment. (Baltz and Movle 
1985). Following Baltz and Movle (1985), we 


interpreted «trong selection to be indicated by 
0.25 but <0.5, no 
~ 0.25. moderate avoidance >—0.5 
<-0.5. Elec- 
tiaty valnes were calenlated for maximnm and 


ID >0.5. moderate selection 
selection Q 


bat ().25. aud strong avoid mce Ss 


runitni de spth and surface area of the boulder 


pockets, 
RESULTS 
Phere was a wide range of maxiniiim and 
Wada depths and surface: area of boulder 


pockets available on Pall River Vaxininim depth 


among the three study sites ranged from 0.3 to 
PT} and averaged 0.7 i. Nimimnin de ‘pth 
ranged from 0.2 to OF a averagin 2 OAD in. 
Pachet surface area ranged from 0.235 to 2S ne 

d2 tor. The larger and intennedi- 


S Were primarily found in the 


+(>0.25 but <0.5, 
and = (<—0.5. strong avoidance). 


moderate selection), 0 (+0.25. no selection), 


[IBD reach, and smaller pockets were primarily 
found in the LBD and IBD reaches. 

Pocket surface area was partially a function 
of boulder diameter, with pocket area = 1.881] 
+ £5572 x bonlder diameter (R? = 57, N = 
1S2) for all sites combined. The correlation was 
higher at lower boulder density sites; but at the 
EBD site, area of an individual pocket was also 
allected by the presence of adjacent boulders. 

All trout observed in the study sites were in 
boulder pockets. Eighty-three fish were found, 
with 0, 17, and 66 at sites LBD, IBD, and HBD, 
respectively. The total mmmber of boulder pock- 
ets holding trout was LO (17% of pockets pre- 
sent) at IBD and 27 (32% of pockets present) at 
I1BD. A comparison of utilized pocket meas- 
urements showed no significant difference be- 
tween the two sites (P < .05) and the data were 
pooled for analysis. 

As water depth and surface area of a pocket 
increased, the number of fish present generally 
increased (Table 1). No trout used pockets in 
Which minimum depth was less than 0.26 mand 
maximnm depth was less than 0.36 m. 

As surface area increased, the number of fish 
pe r pocket generally increased to a maximum of 

(Table 1). Average number of fish per pocket 
was Lf in pockets: with surface areas <2.25 my, 
2. ai shiridee areas Of 226—2b50°m. 22 in 
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Fig. 2. Surface area (m7 *) of bontder poc ‘kets used by rainbow trout in Falls River, Idaho. Electivities are indicated: 


(20.5, strong selection), + (>0.25 but <0.5, moderate selection !, 0 +0.25, no selection). 0.5 but © — 0.025. moderate 


avoidance), and = one, strong avoidance). 


surtace areas between 4.51 and 8.50 mm’, and 3.5 
in surface areas >S.5 1m? 

The electivity index demonstrated that trout 
were selective in the microhabitat they occu- 
pied. Electivity values for maximum depth indi- 


cated moderate selection at depths equal to or 


greater than 0.7 mand strong selection at depths 
greater than 0.9 m (Fig. 1). Miniminn pocket 
depth was not a sensitive index of trout density. 
At minimum depths of 0.6 m and deeper there 
was moderate selection and over 0.7 m, strong 
selection (Fig. 1). Pockets with surface areas 


equal to or exceeding 3 2) i WETe moderate ly Or 


strongly selected (Fig. 2). 

Heibitat for aw hee rainbow tront showed a 
“strong” or “moderate” selection was viewed by 
us as the most suitable habitat for the study sites. 
Fifty of the 178 pockets in the three sites fell 
within those limits. Thirteen optimal pockets 
were located within the IBD reach and none 
withm the LBD reach. Thirty-seven were lo- 
cated within the EBD reach, and more fish 
were tound in that reach. A total of 23 of the 50 
optimal pockets were not occupied by trout. 


DISCUSSION 


Maximum water depth in boulder pockets 
strongly influenced selection of habitat by rain- 


‘all River. Baltz and Movle 
(1985) evaluated rainbow trout habitat in a 
tributary of the Sacramento River, California. 
and fonnd strong selection for depths greater 
than 0.6 m, similar to the threshold value for our 
study. The Habitat Suitability lidex (HSE: for 
rainbow trout (Raleigh et al. 195-1) indicates that 
depths greater than 0.46 m have a snit: ability 
aeleeeaie of 1. the highest vale possible. Not 
until Fall River pocket depths of 20.7 m were 
reached was there moderate to strong selection, 
and trout moderately avoided pockets at depths 
of 0.5 m: thus. the HST did not accurate ly pre- 
dict depth selection on Fall River. Minin 
pocket depth appeared to be a less useful indi- 
cator of habitat selection for Fall River rainbow 
trout. 

Pocket surface area was also a factor affect- 
ing trout de nisity. Only four fish we re found in 
pocke ts <1.5 1m, and those WETE SC- 
lected. Lewis ( (1969) found that surface area and 
depth along with volume, current velocity. and 
TH of the Variation in 


Prickly 


bow trout in the | 


S35. 0r 


cover accounted for TO0-7 
numbers of trout. in ls of Little 1 
Creek, Montana. 

If surface area “requirements” reflect: the 
size of territories defended by individual trout. 
in optimal habitat agonistic behavior by individ- 
ual trout might serve to establish maximum 
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le dete AF 1969" aad Grant and Kramer 
INYO reste the Iterative for fluvial sal- 
inomes: thoneh data for rainbow trout were 
lnmtted. strong similarities were found among 
the seven salmonid SPCCICS thes reviewed. For 
lish 13 20 cm dong, average te rritory size in 
pools was approximate ‘v 1=5 m?. In Fall River 
(he estunated area occupied by an il tront, 
hased on onr observations of fish abun. mce per 
eranged from 0.5 to 6.0 m ‘and ave) "age ra 
However, bwo-thirds of the fish were 
mihabiting areas <2.5 in. snggesting that 
sinaller territories might be required in boulder 


]* chet 
>> 118. 


pockets than inthe pools from which the data of 


Grant and Kramer (1990) were generated. 

Lack of summer holding Ruption ob: 
reach appeared to limit trout abimdance, as the 
reach contained no quality pockets and no trout 
were present, Summer holding habitat did not 
appear to limil tront munbers in the EEBD and 
IBID) reaches becanse there were 23 pockets 
with optimal dimensions that were not utilized. 
Tront density in these reaches might have been 
depressed by low reernilinent or factors such as 
winter mort: ality and food availability. 

though trout distribution is closely tied to 
phivsical habitat in Fall River, it is clear that 
simply adding boulders to rivers will not auto- 
matically increase trout: populations. Pockets 
created Dy boulders must meet depth and sur- 
face area requirements belore fish will inhabit 
them as shown on Fall River. Other studies have 
fonnd that water depth alone is not the major 
lhiviting factor for trout populations | (Keine dy 
and Strange 1982): water velocity and available 
cover also inflnence trout density (Lewis 1969). 
These environmental requirements as well as 
other limiting factors must be understood be- 
fore bonlders are cltectively used for habitat 
Huprove ment. 
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